Background The increase in the worldwide incidence of endometrial cancer relates to rising obesity, falling fertility, and the ageing of the population. Transvaginal ultrasound (TVS) is a possible screening test, but there have been no largescale studies. We report the performance of TVS screening in a large cohort.
Introduction
Endometrial cancer is the most common gynaecological cancer in Europe, and has an increasing incidence in postmenopausal women in many northern and western European countries. 1 In the UK, overall incidence of endometrial cancer increased from 13·5 per 100 000 in 1993 to 17·9 per 100 000 in 2005. 2 The increase in obesity 3 and the fall in fertility rates suggest that incidence of endometrial cancer will continue to rise in postmenopausal women, and will become a substantial public health problem worldwide. 4 This rise in incidence has implications for both primary prevention and screening.
Screening for endometrial cancer is only recommended in women with Lynch syndrome, a disorder that genetically predisposes women to endometrial cancer with a lifetime risk of 40-60%. 5, 6 Recommended surveillance in this group includes annual transvaginal ultrasound (TVS) and endometrial biopsy from age 35 years. 7 In the general population, there has been limited enthusiasm to explore the usefulness of screening for endometrial cancer 8 because patients have a good prognosis relative to other cancers. However, in view of the rising incidence of endometrial cancer, 4 coupled with increasing life expectancy, 9 there is now a need to revisit screening. Additional factors are mortality greater than 30% within 10 years of diagnosis 10 and a proven link between stage and survival raising the possibility of a mortality benefi t from earlier detection. 10 Of note, stage for stage, survival rates for endometrial cancer are similar to ovarian cancer-a cancer for which large-scale screening trials are underway. 11, 12 The techniques commonly used to assess the endometrium in symptomatic women are TVS and endometrial sampling. Few studies have been done to assess the merits of screening for detection of endometrial cancer in asymptomatic women. The largest study 13 screened 1926 postmenopausal women from the general population with TVS. One case of endometrial cancer and four cases of atypical hyperplasia were detected. Other studies [14] [15] [16] have included smaller populations, making it impossible to assess the sensitivity of screening, or to achieve confi dent estimates of specifi city or positive predictive value.
The opportunity to study the performance of TVS in a large cohort of postmenopausal women was provided by data from the United Kingdom Collaborative Trial of Ovarian Cancer Screening (UKCTOCS). 12, 17 UKCTOCS is a prospective trial of ovarian cancer screening, one arm of which involved pelvic ultrasound during which endometrial thickness was measured and recorded. This provided the opportunity to establish the performance characteristics of endometrial thickness as a possible screening test for endometrial cancer. Documentation of endometrial characteristics during TVS screening in the trial, and follow-up for cancer outcomes, provided unique data. We report on the characteristics of endometrial cancer screening in postmenopausal women in the general population to inform on the potential of screening for endometrial cancer.
Methods

Participants
We did a nested case-control study within the UKCTOCS cohort with ultrasound fi ndings recorded at yearly screening appointments as part of the ovarian cancer screening trial. Between April 17, 2001 , and Sept 29, 2005 , 202 638 women were recruited to UKCTOCS from England, Wales, and Northern Ireland. The pre-identifi ed Scottish centres dropped out because of logistical issues (lack of space, retirement of potential research leads, unwillingness of NHS Trust management to commit to a 10-year trial, involvement in other ovarian cancer screening trials). 17 Participants completed a recruitment questionnaire, which requested baseline data on lifestyle and reproductive factors, previous cancer history, and family history of breast or ovarian cancer. 17 The focus of the recruitment questionnaire was on risk factors for ovarian cancer and the trial was not resourced to collect all variables related to endometrial cancer risk at the initial visit. 50 639 participants were randomly assigned to yearly screening with TVS; 48 230 attended the initial prevalence screen and are included in our study.
All women assigned to screening with TVS who had undergone the prevalence screen were included as cases or controls. Cases were women with a confi rmed diagnosis of endometrial cancer or atypical endometrial hyperplasia (AEH), complex endometrial hyperplasia (CEH), endometrial stromal sarcoma (ESS), or carcino sarcoma. The scan in the year before diagnosis was used for the analysis. When several scans had been done during this year, the scan closest to diagnosis was used. Controls were women with none of the above diagnoses during followup. We used the initial prevalence scan for analysis. We excluded from our study all women assigned to screening with TVS who had undergone hysterectomy before random assignment in UKCTOCS or who had no endometrial thickness measurement or recorded endometrial abnormality on the relevant scan. All participants provided written consent for the use of data in secondary studies. Our study was covered by the ethical approval obtained for the main UKCTOCS (MREC reference 00/8/34, granted by North West MREC).
Procedures
TVS with Kretz/Medison SA9900 (Medison, Seoul, South Korea) ultrasound machines was done by experienced ultrasonographers at the 13 trial centres in the UK. All sonographers had, at a minimum, a diploma in medical ultrasound or similar qualifi cation and experience in gynaecological ultrasound. All underwent induction training, which included scanning with the national lead sonographer or one of the members of the ultrasound subcommittee before scanning on the trial. During the course of the trial, they completed an accreditation programme and attended yearly ultrasound days.
The ultrasonographers were instructed to ask about and record symptoms of postmenopausal bleeding. We do not know how accurately postmenopausal bleeding was documented and there might have been a bias to better documentation in women who had an endometrial thickness above the level which prompted clinical referral (>5 mm) according to current guidelines. In all women who reported that they had experienced any irregular bleeding to the sonographer, data were recorded on the ultrasound form. During scanning, details of ovarian morphology and size were recorded. Furthermore, endometrial thickness and pathology were recorded routinely. Representative grey-scale images of each ovary and the uterus were archived at the coordinating centre.
At TVS, endometrial thickness was measured at its thickest point from the anterior to the posterior in the sagittal plane of the uterus. Callipers were placed perpendicular to the outer edge of the endometrium. If there was fl uid in the endometrial cavity, the endometrial thickness was measured as above but with the inclusion of the cavity fl uid and the double endometrial stripe, then the fl uid diameter was subtracted at the same point. Measurements of endometrial thickness were done prospectively, but were not a criterion for intervention in the trial. In addition to measurements of endometrial thickness, details of any clinical fi ndings were recorded. For the purposes of our study, thickened, irregular, cystic, heterogeneous, abnormal, or distended endometrium; fl uid in the endometrial cavity; or polyp or other mass or lesion were included under the defi nition of endometrial abnormality.
In clinical practice, asymptomatic women are not investigated. However, in the presence of postmenopausal bleeding, endometrial thickness greater than 4 mm is deemed abnormal and investigated further. In the absence of any defi nitive data at the start of the trial, a pragmatic decision to recommend referral of asymptomatic women with an endometrial thickness greater than 10 mm was agreed on the basis of extensive discussion and consultation with clinicians. We emphasise that there was no systematic protocol-driven intervention based on endometrial thickness.
Trial guidelines for the management of endometrial thickness stated that all women with thickness greater than 5 mm should be questioned about bleeding. In the UK National Health Service, postmenopausal bleeding prompts a 2-week referral to assess for cancer, and all centres would have followed this, irrespective of measurements of endometrial thickness. Women with irregular bleeding were advised to see their family doctor so that they could be referred to a gynaecologist as part of standard clinical practice in the UK. Furthermore, the guideline recommended that asymptomatic women with thickness greater than 10 mm be considered for referral to a gynaecologist for further assessment. The guidance for asymptomatic women was the same in all of the collaborating centres. However, whether asymptomatic women were investigated further was at the discretion of the local investigator. Data on any diff erences between the centres are not yet available.
All participants were followed up through a fl agging study with the NHS Information Centre for Health and Social Care (formerly Offi ce of National Statistics) in England and Wales and via the Central Services Agency and Cancer Registry in Northern Ireland as appropriate. This provides regular notifi cation of any cancer registrations or deaths in the cohort. For the purpose of this analysis, cancer registration data were obtained from the agencies on Feb 9, 2009. Women also directly informed the trial centre of a cancer when diagnosed or when they were sent an appointment for the next yearly screen. Furthermore, women who had been on the trial for 3·5 years after random assignment were sent followup questionnaires.
In all women where diagnoses of endometrial cancer, AEH, CEH, ESS, or carcinosarcoma were notifi ed on 18 there is limited concordance between pathologists on the diagnosis of AEH or endometrial cancer, 19 and AEH is a precancerous state with greater than 25% of patients progressing to endometrial cancer (estimates range from 25% to 82%). [20] [21] [22] [23] [24] [25] ESS, carcinosarcoma, and CEH were also analysed separately.
Statistical analysis
The distribution of endometrial thickness was compared in women who did and did not develop endometrial cancer or AEH. These data were used to construct a receiver operator characteristic (ROC) curve to assess the specifi city and sensitivity of various thickness cutoff s for detecting endometrial cancer or AEH. A further ROC curve was constructed with both thickness and any recorded endometrial abnormality. The latter analysis included women with either endometrial thickness, endometrial abnormality, or both recorded. A multivariate logistic-regression analysis was done that combined thickness with the baseline characteristics of the study participants to develop an algorithm incorporating epidemiological variables that would identify a high-risk group who might benefi t from a targeted approach to screening. Further ROC curves were constructed to assess the specifi city and sensitivity of various endometrial thickness cutoff s for detecting endometrial cancer or AEH in the diff erent risk groups.
Further analyses assessed the sensitivity and specifi city profi le of endometrial thickness for the detection of endometrial cancers, either alone or combined with CEH, ESS, or carcinosarcoma, with a scan done within a year of diagnosis. Subgroup analysis was by presence or absence of postmenopausal bleeding. Since there was no systematic protocol-driven intervention based on endometrial thickness, we did not analyse the data by stage of endometrial cancer.
To explore the possibility of refi ning screening in a higher-risk group, the baseline characteristics recorded at recruitment for women diagnosed with endometrial cancer in the control and multimodal groups of the trial were modelled as epidemiological risk factors for endometrial cancer with forward stepwise logistic regression. The signifi cant factors and their parameter estimates were retained for a high-risk logisticregression model. These factors were weight; age at menarche; use of the oral contraceptive pill; personal history of breast, ovarian, lung, bowel, or other cancer; age at scan; and any pregnancy of longer than 6 months (webappendix p 1). Data on the relevant variables for the ultrasound group were then inserted into the derived high-risk model and a prior risk probability of endometrial cancer was calculated solely on the basis of epidemiological data. These groups were based on the cutoff s of the ordered prior risk probabilities: the highest risk (fi rst) quartile, the second quartile, the third quartile, and those at lowest risk (fourth quartile). Relative risks (RRs) were used because the prevalence of endometrial cancer was virtually unchanged from the prevalence of endometrial cancer in the trial population for those without hysterectomy.
Ovarian volume was assessed as another variable to identify women at higher risk of endometrial cancer or AEH by comparing measurements of those who developed endometrial cancer or AEH and those who had not.
The relative risk of endometrial cancer or AEH in women with thickness measurements of 5 mm or greater or 10 mm or greater were calculated to show the endometrial thickness cutoff s suggested by the UKCTOCS guidelines. Data were analysed with the PASW Statistics 18 package and Stata 11.0. Our study is registered with ClinicalTrials.gov, number NCT00058032, and with the International Standard Randomised Controlled Trial register, number ISRCTN22488978. 
Role of the funding source
The sponsor of the study and the funding sources had no role in study design, data collection, data analysis, data interpretation, or writing of the report. The corresponding author had full access to all the data in the study and had fi nal responsibility for the decision to submit for publication. AG-M, MB, RM, AR, and UM also had access to the raw data.
Results Table 1 shows the baseline characteristics of the women with and without endometrial cancer or AEH. The inclusion criteria and details of the UKCTOCS trial have been described in detail elsewhere. 12,17 50 639 study participants were randomly assigned to the ultrasound arm of UKCTOCS. 48 230 completed the fi rst yearly scan on the trial (prevalence screen). Of these women, 11 349 were ineligible because 9078 women had undergone a hysterectomy, and 2271 did not have endometrial thickness recorded on their scan report. 157 of the 2271 women had an endometrial abnormality reported in absence of endometrial thickness measurement and were included in our analysis. The resulting group of 37 038 women were included in our study (web appendix pp 5-6).
Median follow-up from the scan to cancer registration update was 5·11 years (IQR 4·05-5·95). Since information on cancers can take up to 3 years to be recorded on the national cancer registries, we explored other sources of follow-up data in detail in the 985 women for whom the time from scan to cancer registry followup on Feb 9, 2009, was less than 3 years. In this cohort, we had additional confi rmation of endometrial cancer status in 849 women because they had attended further screening and in 66 of the remaining women through returned follow-up questionnaires. In 70 of 37 038 women, the only source of information on endometrial cancer status was cancer registry follow-up of less than 3 years from the date of scan. The analysis was done separately for endometrial thickness (ET) alone (no women who had no ET measurements were included) and for ET and endometrial abnormality (EA). In the latter analysis, the 157 women in the overall cohort who had no ET recorded, but had an EA recorded, were included. In ET+EA measure all EA cases count as maximum ET-ie, always positive. n=number. EC=endometrial cancer. AEH=atypical hyperplasia. HRT=hormone replacement therapy. CEH=complex hyperplasia. ESS=endometrial stromal sarcoma. 
In 2271 (5·5%) of 41 561 women with an intact uterus, data on endometrial thickness were missing. The 5% missing data rate is in keeping with what was anticipated for a study of this type and size.
Weight, age, and personal history of cancer were associated with an increased risk of endometrial cancer or AEH, although oral contraceptive pill, age at menarche, and parity were associated with a decreased risk (webappendix p 1). Table 2 shows the distribution of endometrial thickness measurements in the 36 731 women who did not have a diagnosis of endometrial cancer or AEH. Most of the women had an endometrial thickness of less than 5 mm. In the 133 women with a diagnosis of endometrial cancer or AEH who had endometrial thickness recorded, 107 (81%) had an endometrial thickness of 5 mm or greater. There was a signifi cant diff erence between endometrial thickness in women with and without endometrial cancer or AEH (p<0·0001). The optimum cutoff for endometrial thickness was 5·15 mm with a RR of 25·2 (95% CI 16·5-38·5).
The webappendix (p 2) shows the distribution of endometrial thickness measurements according to the use of hormone replacement therapy (HRT) in the overall cohort. The median endometrial thickness in women in the whole cohort who did not use HRT was 2·7 mm (IQR 2·0-3·95) versus 3·6 mm (2·5-5·1) in women that did and these results were similar in the subgroup of women without endometrial cancer or AEH (p<0·0001). By contrast, the median thickness was 11·0 mm (5·9-14·8 without HRT; 7·0-14·5 with HRT) in women with endometrial cancer or AEH, irrespective of the use of HRT.
1406 women reported breast cancer diagnosis before entry into the trial. These women were more likely to have an endometrial thickness of 5 mm or greater to less than 10 mm (RR 1·91; 95% CI 1·68-2·18), 10 mm or greater to less than 20 mm (4·50; 3·85-5·25), and 20 mm or greater (11·01; 8·04-14·47) than women with no history of breast cancer (webappendix, p 3). Of the women with no history of breast cancer, 29 757 (83·9%) of 35 460 had an endometrial thickness of less than 5 mm compared with 940 (66·9%) of 1406 women with history of breast cancer-the median endometrial thickness was 2·9 mm versus 3·6 mm (p<0·0001; webappendix p 3). A large proportion of this measurement in women with breast cancer was probably related to tamoxifen use, but treatment data were not systematically captured as part of the trial.
We did an analysis of endometrial thickness by screening centre in the women who did not develop endometrial cancer. The median endometrial thickness was 2·9 mm. The median thickness varied from 2·1 mm to 3·4 mm across the regional centres. All but three centres had a median thickness within 0·3 mm of the overall median thickness. When dichotomised as endometrial thickness less than 5 mm and 5 mm or greater, the proportion of measurements greater than 5 mm per centre varied from 10·4% to 22·4% (overall proportion 16·8%; median centre proportion 16·6%, IQR 14·7-19·8).
To assess the sensitivity and specifi city profi le for detection of endometrial cancer or AEH, a ROC curve was constructed with cutoff points for endometrial thickness with or without data for endometrial abnormalities (fi gure 1, webappendix p 4). Table 3 shows the sensitivities and specifi cities at 5 mm and 10 mm cutoff s and shows the optimum cutoff s. A separate ROC curve was constructed incorporating endometrial abnormality fi ndings in addition to thickness measurements (fi gure 1, table 3). Use of endometrial abnormality fi ndings and thickness measurements at a cutoff of 5 mm or greater increased sensitivity but decreased specifi city. The same eff ect was noted at a cutoff of 10 mm or greater (fi gure 1, table 3). In asymptomatic women the optimum endometrial thickness cutoff was 4·45 mm. Table 3 shows analyses of combined endometrial cancer, AEH, CEH, and sarcomas. Our subgroup analyses that included endometrial cancer and AEH or a combination of endometrial cancer, AEH, CEH, and ESS or carcinosarcoma showed similar levels of sensitivity and specifi city.
Given the diff erence noted in endometrial thickness distribution in users of HRT and non-users, the optimum cutoff in HRT users was as expected higher (6·85 mm) than non-users (4·55 mm; table 3).
At the UKCTOCS scan, postmenopausal bleeding was recorded in 165 women (37 cases and 128 controls). Table 4 shows the performance characteristics for women with and without postmenopausal bleeding.
The relation between ovarian volume and endometrial cancer or AEH was assessed and no statistically signifi cant correlation was identifi ed (p=0·956; data not shown).
We explored the possibility of optimising approaches to endometrial cancer screening by incorporating epidemiological information provided in the recruitment questionnaire. Logistic regression showed that decreased endometrial cancer or AEH risk was associated with the use of the oral contraceptive pill, age at menarche, and pregnancies longer than 6 months, while increased risk was associated with rising weight, increasing age, and personal history of breast and other cancer (multivariate and univariate analyses are shown in webappendix p 1). On the basis of the logistic regression model, the population could be divided into quartiles with RRs for endometrial cancer compared with the entire population of 1·98 (1·39-2·80) for the fi rst quartile, 1·07 (0·73-1·58) for the second, 0·76 (0·49-1·16) for the third, and 0·49 (0·30-0·79) for the fourth (table 5 ). The population in the highest quartile of risk (fi rst quartile) included 39·5% of women with endometrial cancer or AEH; in this population an optimum endometrial thickness cutoff at 6·75 mm achieved a sensitivity of 84·3% and specifi city of 89·9% (fi gure 2, table 5).
We also assessed the number of further interventions that would be predicted if endometrial thickness measurements were used as a screen for endometrial cancer or AEH (table 6) . If the entire population were screened, an endometrial thickness cutoff of 5 mm or greater would result in 58 women undergoing further investigation per case of endometrial cancer or AEH detected for the diagnosis of 80·5% (107 of 133) of cancers. A cutoff of 10 mm or greater, would lead to 17 women being investigated to detect each case of endometrial cancer (55·6% [74 of 133 cancers diagnosed]). The number of investigations per case of endometrial cancer or AEH for the optimum cutoff of 5·15 mm was 47·7 (data not shown). If the proportion of the population screened was reduced by the use of our logistic regression model to limit screening to the top quartile risk group, 22 women would have to undergo investigation per endometrial cancer detected for the detection of 43 (32·3%) cases in the entire population.
The Prostate, Lung, Colorectal, and Ovarian (PLCO) cancer screening trial currently underway in the USA, 11 has recruited 78 237 postmenopausal women of whom 34 261 will undergo screening with both cancer antigen 125 for 5 years and TVS for 3 years. The ultrasound fi ndings have shown that ovarian volume greater than 3 cm³ could be used as a variable to identify women at higher risk of endometrial cancer or AEH. When we assessed this in our cohort, we found that for the left ovary, the use of the suggested cutoff of 3 cm³, the p value was 0·063 and for the right ovary p was 0·218.
Discussion
Ultrasound imaging of the endometrium has long been thought a possible screening test for endometrial cancer. However, there has been a dearth of data about the performance of potential tests and the largest study involved fewer than 2000 women and only one endometrial cancer was diagnosed. 13 The UKCTOCS protocol enabled us to assess the performance of TVS in screening for endometrial cancer in 37 038 postmenopausal women. With an endometrial thickness cutoff of 5 mm, sensitivity was 80·5% and specifi city was 85·7% for endometrial cancer or AEH. An increased cutoff of 10 mm or greater resulted in a reduced sensitivity and increased specifi city (table 3) . When the analysis was restricted to women who reported no symptoms of postmenopausal bleeding at the scan and had an endometrial thickness measurement available, a cutoff of 5 mm achieved a sensitivity of 77·1% and specifi city of 85·8% (table 4) . Although the role of population screening for endometrial cancer remains uncertain, the fi ndings are of immediate value in the management of increased endometrial thickness in postmenopausal women undergoing pelvic scans for reasons other than vaginal bleeding.
Our fi ndings confi rm the strong correlation between TVS fi ndings and subsequent diagnosis of endometrial cancer, as shown by the RRs (table 2) . The RR for a cutoff of 5·15 mm was 25·2. The optimum cutoff in the high-risk group was 6·75 mm, with an RR of 43·73. This correlation was shown by the levels of sensitivity for the detection of endometrial cancer or AEH, which were in the range of 80-85% depending upon the target population and screening criteria applied. As expected, the optimum cutoff in asymptomatic women of 4·45 mm is similar but lower than the 5 mm cutoff reported for symptomatic women.
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Of note, our report shows that 26 women (19·5%) who developed endometrial cancer within a year of their scan on UKCTOCS had an endometrial thickness of less than 5 mm. In a theoretical model, based on the estimate that 15% of endometrial cancers occur in women without vaginal bleeding, Smith-Bindman and colleagues 27 calculated the risk of endometrial cancer to be 6·7% for an endometrial thickness greater than 11 mm. 27 This fi ts satisfactorily with 5·9% risk of endometrial cancer in our cohort where 96 (72·2%) of 133 women were asymptomatic at an endometrial cutoff of 10 mm.
Although the data show that TVS can detect endometrial cancer before symptoms are detected in a high proportion of postmenopausal women, there are a range of issues that need to be addressed before population screening for endometrial cancer can be proposed. One important issue, which is not addressed in our analysis, is the eff ect of endometrial screening on survival or mortality from the disease. However, the answer to this question will be extremely diffi cult to establish even for a test with 100% sensitivity. If we assume an incidence of 60 per 100 000 per year and 30% mortality at 5-year follow-up, a randomised controlled trial would need 500 000 participants to document a 50% reduction in mortality. Since a trial on this scale is almost certainly not feasible, decisions about whether or not to screen for endometrial cancer will have to be made on the basis of surrogate measures of effi cacy. Two important considerations are the overall burden of population screening and the consequences of falsepositive results. We explored the possibility of reducing the overall burden of screening by focusing on a group of the population identifi ed as being at higher risk on the basis of epidemiological criteria. Our logistic regression model that used epidemiological variables of the use of the oral contraceptive pill, age at menarche, number of pregnancies, weight, age, and history of cancer was able to separate the population into quartile groups at diff erent levels of risk. With this approach, the highest risk quartile included almost 40% of endometrial cancer or AEH cases. In this group, an endometrial thickness cutoff at 6·75 mm achieved a sensitivity of 84·3% and a specifi city of 89·9%. This would reduce the burden of screening to 25% of the population with detection of about 40% of the cases.
The strengths of our study include the large size of our cohort, prospective data collection with standardised measurement of endometrial thickness as part of the trial protocol, systematic follow-up, and information on epidemiological variables. Consistent with earlier reports of the correlation of endometrial thickness and HRT, 28 the median endometrial thickness in users of HRT in the control group was 3·6 mm versus 2·7 mm in non-users.
Median endometrial thickness was also signifi cantly greater in those with a history of breast cancer when compared with women with no history. This probably relates to the use of tamoxifen, which is known to be associated both with increased endometrial thickness (range 4·9-11·7 mm) in postmenopausal women [29] [30] [31] [32] [33] [34] and increased risk of endometrial cancer (rates of 0·3% vs 0·06% in women on placebo). 35 We were, however, unable to confi rm a recently reported correlation between ovarian volume and the risk of endometrial cancer of AEH reported by the PLCO trialists. 36 One of the limitations of our study was that endometrial cancer screening was not an interventional endpoint in the UKCTOCS. Guidelines were provided based upon current practice in the UK, but the fi nal decision was at the clinician's discretion. The lack of systematic protocol-driven intervention on the basis of endometrial thickness meant that we could not assess the data by stage of endometrial cancer. Detailed data on the variety of procedures done was not collected, but this is unlikely to alter the performance characteristics of endometrial thickness.
A further limitation of our study is the accuracy of the reports of postmenopausal bleeding. Although sonographers were instructed to ask about and record symptoms of postmenopausal bleeding, we do not know if these data were recorded accurately. Therefore, there might be bias in the recording of these data for women who had an endometrial thickness above the level that triggered clinical referral (>5 mm).
There was a diff erence in median endometrial thickness measurements in healthy women across the 13 centres. There are no previous data on variation in thickness measurements across diff erent sonographers. Our fi ndings accord with the only study we are aware of that included 48 postmenopausal women who were scanned by two examiners. In this cohort, the mean interobserver diff erence for the same woman was 0·2 mm (SD 1·9). 37 Our variation is probably multifactorial. In addition to slight variations in the scanning techniques for measuring endometrial thickness in 36 731 individuals across 13 centres, it is also probably related to variations in the demographics such as body-mass index of patients between centres. It highlights the need to have training and quality assurance measures in place if ultrasound were to be used as a screen for endometrial cancer.
The CIs around parameter estimates were wide because of low numbers of endometrial cancers despite the large overall number of participants. Some key variables that could aff ect risk of endometrial cancer, such as smoking, 38 diabetes, and hypertension, 39 could not be used in model building because the main focus of the recruitment questionnaire was on risk factors for ovarian cancer. Variables were collected on follow-up and a greater percentage of women with endometrial cancer reported a history or diagnosis of diabetes (nine [10·2%] of 88) compared with those without endometrial cancer (1429 [5·0%] of 28 801; data not shown). Incorporation of these factors and family history of endometrial cancer might have substantially improved the value of the high-risk score and should be assessed in future studies. Furthermore, although there was an association with weight, we could not confi rm the link between the risk of endometrial cancer and body-mass index. 40 A paucity of detailed information on type of HRT and duration of use at scan also reduced our ability to do further subanalyses.
False-positive results on TVS screening for endometrial cancer will require a form of endometrial sampling that, although not a major procedure, will generate anxiety, inconvenience, and cost. There are of course complications as well as costs of hysteroscopy that would need to be assessed carefully in a risk-benefi t analysis if screening for endometrial cancer with TVS was to be introduced. We do not have data on complications of hysteroscopy available for this dataset. Another important consideration for future studies of endometrial cancer screening is acceptability of the screening strategy.
A cutoff at 5 mm or greater would result in 58 diagnostic procedures for each case of endometrial cancer detected. Although the number of false positives can be reduced substantially by increasing the cutoff , this results in a corresponding fall in sensitivity. For a cutoff of 10 mm or more, sensitivity fell from 81% to 56% with the number of investigative procedures decreasing from 58 to 17. Of note, hysteroscopy-the investigation used to follow-up an abnormal endometrial cancer screen result-is of low morbidity and cost and often done as an outpatient procedure. The consequence of false-positive endometrial cancer screening fi ndings is probably substantially less than in ovarian cancer where the consequence is abdominal surgery by laparoscopy or laparotomy. A targeted screening approach might help reduce the overall number of false-positive fi ndings while maintaining a high sensitivity. We are exploring the possibility of further refi ning risk stratifi cation by incorporating sex-steroid hormone profi ling.
Whether ovarian cancer screening will save lives is currently unclear and whether the primary screen should be with TVS or a serum biomarker is debated. Nevertheless, the potential for integrating endometrial cancer with ovarian cancer screening will be clearer once UKCTOCS has reported. The extra cost of incorporating endometrial cancer screening within the scope of an ovarian cancer screening trial could be marginal and add benefi t to the screening strategy if properly modelled.
Our report is to our knowledge the fi rst large-scale report of the performance characteristics of TVS in endometrial cancer screening (panel). It forms the basis for further studies and is not intended to answer all the questions that arise. In particular, issues of early detection, morbidity, acceptability, and health economics of intervening on the basis of endometrial thickness will need to be the subject of future studies. Any comment on the likely benefi t of detection of endometrial cancer by ultrasound screening would be conjecture. We have limited ourselves to reporting and discussing the performance characteristics.
The rising incidence of endometrial cancer and the diffi culty of doing a randomised controlled trial large enough to specify mortality as an endpoint, suggests that the decision to introduce screening for all or a subgroup of asymptomatic women will rest on surrogate criteria such as the performance characteristics described in our report and future studies of acceptability, health economics, and risk stratifi cation. We do not advocate population screening for endometrial cancer until further data are available from these studies.
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